Supramolecular organization of protein complexes in the mitochondrial inner membrane.
The liquid state model that envisions respiratory chain complexes diffusing freely in the membrane is increasingly challenged by reports of supramolecular organization of the complexes in the mitochondrial inner membrane. Supercomplexes of complex III with complex I and/or IV can be isolated after solubilisation with mild detergents like digitonin. Electron microscopic studies have shown that these have a distinct architecture and are not random aggregates. A 3D reconstruction of a I1III2IV1 supercomplex shows that the ubiquinone and cytochrome c binding sites of the individual complexes are facing each other, suggesting a role in substrate channelling. Formation of supercomplexes plays a role in the assembly and stability of the complexes, suggesting that the supercomplexes are the functional state of the respiratory chain. Furthermore, a supramolecular organisation of ATP synthases has been observed in mitochondria, where ATP synthase is organised in dimer rows. Dimers can be isolated by mild detergent extraction and recent electron microscopic studies have shown that the membrane domains of the two partners in the dimer are at an angle to each other, indicating that in vivo the dimers would cause the membrane to bend. The suggested role in crista formation is supported by the observation of rows of ATP synthase dimers in the most curved parts of the cristae. Together these observations show that the mitochondrial inner membrane is highly organised and that the molecular events leading to ATP synthesis are carefully coordinated.